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Abstract 
In this paper we define a relation on the set of web pages from a web application. With the help of this relation, 
we obtain a partition of this set into subsets. Verifying and testing the web application will be accomplished by 
testing only one representative in each subset. We present two algorithms, one for verifying the relation between 
two web pages and one for determining which pages to test.  
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1. Introduction  
Web applications are made up of a large variety of files. Among these, the ones built from 
tags (e.g. htm or html files) are very numerous and of great importance. We now want to group these 
files based on similarity. For illustration purpose we will use a practical example (built using [12]). 
Grouping the set of web pages in a web application into subsets leads to a reduced number of files 
needed for testing.  
Testing the files can be done using various validators (e.g. [8], [9], [10]) and test applications 
presented in paper like [6] and [11].  
In section 3 we present an equivalence relation between the web pages of a web application.  
In section 4 we describe an algorithm for verifying if two web pages are in the relation 
described  in section  3. In  section  5  we present  a  way  of  partitioning  the  web  pages  of  a  web 
application using this relation. In section 6 we present an algorithm which produces the partition and 
determines a representative for each subset (used for testing and verification). 
2. Introducing a web application 
In order to understand the notions that are to be introduced in the next sections, we need a 
concrete web application. For this, we chose an application which contains a photo album. In most 
cases, such an application is formed from two categories of web pages: 
- Index page (1) 
- Zoomed in picture page (2) 
Moreover, the index pages can be divided in three categories: 
- Beginning index page 
- Ending index page 
- Interior index page 
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    Figure 1 
Similarly, the zoomed in pictures pages can be divided in three categories: 
- Beginning zoomed in picture page 
- Ending zoomed in picture page 
- Interior zoomed in picture page 2028  Challenges of the Knowledge Society. IT
Figure 2 
From an object oriented point of view, the web application contains two types of objects, 
corresponding to the pages (1) and (2). We will note pi0 the beginning index page, pi1, pi2, ..., pik the 
interior index pages and pik+1the ending index page. Next, the beginning zoomed-in picture page will 
be noted with pm0, then pm1, pm2, ... , pmh the interior zoomed in picture pages and with pmh+1 the 
ending  zoomed-in  index  page.  We  will  consider  that  an  index  page  contains n pictures  (in  the 
example in figure 3, n=4, k=2, h=13). 2029
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The relations among the objects are relations of navigating between: 
index page - index page 
index page - zoomed in picture page 
zoomed in picture page - zoomed in picture page 
The ORD (Object Relational Diagram) of the web application is a directed graph 
where the set of vertices is V={pi0, pi1, pi2, ..., pik, pik+1, pm0, pm1, pm2, ..., pmh, pmh+1}. The 
edges of the ORD are given by the navigation relations: 
(pij, pij+1), j=0,1, ..., k 
(pmj, pmj+1), j=0,1, ..., h 
(pij+1, pij), j=0,1, ..., k 
(pmj+1, pmj), j=0,1, ..., h 
(pij, pmjn+a), j=0,1, ...,k, a=0,1,...,n-1 
(pik+1,pmj), j=(k+1)·n+a, ...,h. 
The ORD for the application, with n=4, k=2, h=13 is represented in figure 3. 
3. The equivalence relation for the components of a web application 
For an application formed of n web pages: p1, p2, ..., pn we can define a relation ~ like this: 
pi ~ pj if and only if pi and pj have the same structure, [1], [3].       (3) 
We can state that two web pages have the same structure if they are composed of the same 
scripts and tags, in the same order and with the same attributes. It can be easily shown that the 
relation ~ is an equivalence relation. We can define for a page pi its equivalence class: C(pi)={pj | pi ~ 
pj, j=1,2, ...,n}. 
This way, using the equivalence classes, we can obtain a partition of the set {p1, p2, ..., pn}. 
For the example in section 2, the partition is composed of 6 equivalence classes: 
C1={pi0}
C2={pi3}
C3={pi1, pi2}        (4) 
C4={pm0}
C5={pm14}
C6={pm1, pm2, ...,pm13}. 
A similar way of establishing an equivalence relation can be obtained for other components as 
well. 
4. Algorithm of verifying the ~ relation 
We will now consider two web pages p and q of a web application. The following algorithm 
goes through the source codes of p and q only once, sequentially and simultaneously and determines 
if the pages are similar. More precisely, we have: 
Algorithm - Testing if two web pages are in the ~ relation 
found   true 
WHILE (not end of file p) and (not end of file q) and (found)} 
  Tp   current tag in file p 
  Tq   current tag in file q 
  IF Tp   Tq THEN 
    found   false 
  ENDIF 
ENDWHILE 
IF there is a tag in p or q's source code that has not been verified THEN 2031
  found   false   
ENDIF 
IF found THEN 
  WRITE p and q are in the ~ relation 
ELSE
  WRITE p and q are not in the ~ relation 
ENDIF 
Observation 
The complexity of the algorithm is O(u+v), where u is the number of characters in file p and v 
the number of characters in file q, respectively. 
5. Reducing the number of components that have to be verified and tested in a web 
application
Using the partition of the components of a web application defined in section 3, we can 
reduce the verification and testing only to one representative of each component. The functionality 
and  correctness  of  a  component  from  an  equivalence  class  determines  the  functionality  and 
correctness of all its components. 
Proposition 5.1 
Let us consider the set M of the components of a web application and an equivalence relation, 
denoted as ~, defined on M. If C1, C2, …, Ck are the equivalence classes of the relation ~ on M, then: 
1) M C C C n ... 2 1
2) } ,..., 2 , 1 { , n i Ci .
Proof 
The demonstration is immediate, using the properties of the relation ~ and the way of defining 
the sets Ci.
Proposition 5.2 
Let us consider the application formed of n web pages: p1, p2, …, pn and a relation ~, defined 
by (3). If C is an equivalence relation of pi, pi being correct and functional, then every web page pj in 
C is correct and functional. 
Proof 
Find pj from C. Due to the way of defining C, results that pj ~ pi, meaning that pj contains the 
same scripts and tags, in the same order. Since pi is correct and functional, it results that all its scripts 
and tags are correct and functional. Thus, pj is also correct and functional. 
Proposition 5.3 
Let us consider an application formed of n web pages: p1, p2, …, pn and a relation ~, defined 
by (3). If C1, C2, ..., Ck are the equivalence classes obtained from the relation ~ and q1  C1,
q2  C2, …, qk  Ck are correct and functional, then the application is correct and functional. 
From qi  Ci, i=1,2, …, k and proposition proposition 5.2, it results that any web page from 
Ci is correct and functional. Now, using proposition proposition 5.1, it follows that pi is correct and 
functional,  for  i=1, 2,  …,  n.  This  way,  it  results  that  the entire  web  application  is  correct  and 
functional. 
Remark
For our example, using proposition 5.3 and the equalities (4), we may deduce that in order to 
verify the correctness and functionality of the web application it is necessary and sufficient to test the 
functionality of the web pages: pi0, pi3, pi1, pm0, pm14, pm1.2032  Challenges of the Knowledge Society. IT
6. Algorithm for determining the components that have to be verified and tested in a 
web application 
Let P = {p1, p2, …, pn} be the set of web pages in a web application. Using the algorithm from 
the section 4, we can construct a boolean method, named RELATION, which takes as parameters 
two web pages pi and pj (in practice, we can only take the indexes i and j as parameters) and returns 
true or false, depending on the result of the verification of the $\sim$ relation. 
Algorithm - Determining the web pages that have to be verified and tested 
FOR i=1 to n DO 
  class[i]   i 
ENDFOR
FOR i=1 to n-1 DO 
  IF class[i] = i THEN 
    FOR j=i+1 to n DO 
      IF RELATION(i,j) THEN 
        class[j]   i 
      ENDIF 
    ENDFOR 
  ENDIF 
ENDFOR
FOR i=1 to n DO 
  IF class[i] = i THEN 
    WRITE i 
  ENDIF 
ENDFOR
Remark
The complexity of the algorithm is O(u·n
2), where u is the maximum number of characters of 
a web page from web application. 
The algorithm outputs the index of one page in each equivalence class. These pages can be 
used for testing. 
6. Conclusions 
Generally, web applications contain many web pages. Their verification and testing is usually 
realized by using different verifications. As many components of a web application have the same 
structure, it results that the time of verifying and testing can be substantially reduced if we verify 
only one representative from each set of web pages having the same structure. In the future, we intent 
to  realize  a  complex application  that  determines the web pages  needed to be verified. We will 
concentrate on finding new selection criteria of the web pages that will considerably reduce the 
number of pages to be verified (using ideas like the ones in [2], [4], [5] and [6]). 
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